BUILD 


LOW.COST DIGITAL 

LOGIC IC'S 

ALLOW EASY CONSTRUCTION 
OF 5-RANGE METER 
COVERING THE SPECTRUM 
FROM 5 HZ TO 1.0 MHZ 


EVER DREAM of owning a goad fre- 
quency counter? The  $500-and-up 
“insruments are tops for all sorts of ex- 
perimental and industrial work, but the 
accurate clock and complex decoding 
circuitry they use puts them well out of 
reach of most experimenters. But how 
about a frequency meter? About $12 
worth of semiconductors, integrated cir 
cults, and other parts can put you in 
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command of a five-range. linear scale 
meter. good from 5 Hz to 1 MHz, It has 
an input sensitivity of 30 millivolts 
rms. accepts any waveshape with no 
loss of accuracy, and automatically cali- 
brates itself simply by borrowing the 
60-Hz reference belonging to the local 
power company. The integrated circuite 
and a printed board make it a snap to 
put together. 
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‘This frequency meter is perfect for 
checking the performance of experi- 
mental audio osciliators, tone generators, 
and square-wave signal sources. und is, 
particularly handy if you're working 
with RTTY, FM multiplex decoders. 
tone-signaling circuits, or electronic mu- 
sical instruments, It's a "must have" in- 
atrument for working with transistor or 
SCR power inverters when it comes time 
te aet—and keep—the operating fre- 
queney right on 60 Hz, and it's useful 
for checking out the performance of en- 
gine.driven emergency power units. 

‘Add an external escillator, and the 
unit becemes an accurate LC bridge for 
determining the value of an inductance 
or capacitance. And. finally. you can 
make the meter count anything you can 
convert into repetitive electrical pulses 
by adding a small generator and a photo- 
electric pickup, or semetbing similar; 
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then the meter is an accurate, wide- 
range linear-scale tachometer. 


How it Works. The input signals are 
amplified and inverted by transistor Q7, 
as shown in Fig. 1. This transistor drives 
a Schmitt trigger circuit (C1) whose 
output snaps from ground to +3.9 volts 
the instant the input signal goes positive 
above a certain threshold ievel. The rise 
time of 1072's output (from pin 6) is in- 
dependent of the shups of the input sig- 
nal, so a rectangular Waveform of iden- 
tical frequency to the input resulta. 
Capacitor C8 and resistor RL} ditfer- 
entiate the square wave to produce a 
positive trigger pulse every time 1C/ 
snaps en. These pulses trigger 102 (a 
monostable multivibrator), which also 


snaps on, and stays on for a precise time 
interval determined by R8, R13, and a 
Crem 09 


selected range capacitor 
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Fig. 1. Although only one transistor is shown, the two IC's contain five transistors and nine resistors 
‘The cicuit i seltchecking from commercial Power line through SI (calibrate Basition) end resistor Ri. 
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PARTS LisT 


P, 200-0lt Soper oF Avior eupocitor 
i eeervol tie) 

2 Sou 28 tult electrolytic copecitar 

€3—s00-4F T5-uett eee 

C3= 100.1, O-vole rect 

ESO F ps, SOvvolt NdIur or buper cepucitor 

Co—10-ukY forgot electrolyte cobacitor 

Cis. syolt Cectrolytic capacitor 

STIs talon dite trout capacitor 

9-22-40. 30-uelt Mylar or papcr capacitor 
“NUT 1 cectrolstioy® 

Cibo 22-pF S0.vell Aldor nr Bader copaciter® 

CH—0N2E nb, S0-v0t Mylar or paper coPec- 


Ci8S2200.9F austen pope, mica or dice 
crane copeitor’ 
Cis Pie vor disc ceramic eapacitor 


“(allows for {3 OF ol stray ont circuit 
fatyclance)s 
Ds —Silicon diode, 200 mit, $0 PIV 
‘a R5b0t or similar yee 
Di dere ade, 39 vals, 1 ete (18 
were Ise (oud fue toler) 


ehitd)== 

HP han jack 

BIR 0-100 dc. micronmmetcr, 476° rectomtular 
(Knighe 32 «i 7206. 07 sini 

Ot Sineon transistor (Motorola 31 
‘NTSBSa)" 

RI~10,000-ohwa, Yé-tatt carkon resitar 

‘R2, RUs—1000'0hu, ucorteber carbon 


galt carbon resistor 
i Mesoatt carbon resistor 
linegrtoper carbon poreutiametce 
BI—3900-0hnn, Shoot! carbon vesixfor 

I= 1300-ghm, Yel earn rear 
a 00 in Saat apn nr 


Rio—a70-0hm, ifouutt carbon resistor 
RIT Ris, RIF—TODO-uhm, Mseatt cordon 
RIX Soom, Yi anaes eorbew rexlsor 


SimSpat. side mower {let C323, or spaiter) 

SGU, ide Puntch (Wirt C224, 0” siilor) 

SISinatobote. fe. pasition, wor-shorting 
selectar switch (Mallory 31151, oF stuilur) 

TEPidament transiorier. 63 volts, 0.8 omPrve 

(Knight 58 A 1416. Stoneor P0468, 7 
So 21821, or suitor) 

Ilha x 284" 2 546 Sphaglosided copper 
Priited citeyt boged™ 

1 CGMS ataoninnns bos (Bnd 
€U-210%A,er cialtar) 

Mite ine card od src rte, bavi. buat 
(3), rubber foot 4). fe (1 
‘noting horde for 1) snd fr ore, ude, 
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% Accaracy of instrument divende directly upon 

sccurney with which C10 eheuus C13 are exact 

Aeentle subsoils of C8. 

SNE oF all semiconductors is available fron) 

Hamitton Elcctre of Acizona, 1741 N. 28 St, 
i009, for" $4.50, nosienid in 


#44 The printed based iy Me™ gtchad and drilled 
G-10 fiscestone & avalos lor $280 frown Soutae 
west Toebnieal Preducts Cor. 719 W. Bhan. 
Yady, SA9° Antonin, Texas TA216. Most of the 
Sune paris ae. well aa commlere Kits are. also 
Pxaifable—wite te Southwest Tesboiel for con 
plete fist and Driees. 
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threugh C13). Each capacitor provides a 
time delay ten times that of its neigh- 
bor, resulting in five decade frequency 
ranges. Calibrate control R15 sets the 
time delay te a value that causes a 60-Hz 
input signal to read exactly 60 on the 
100-Hz range. 

How often 109 snaps en is determined 
by the input frequency, while how leny 
it stays on is determined by the range 
switch-sclected capacitor. The ratio of 
on time to off time linearly increases 
with increasing frequency. Resister 27 
charges up C/ and C5 (an integrator) to 
a voltage whose average value equals the 
ratio of on to off ime. Meter M1 then 
indicates this average voitage as fre- 
quency. 

Zero control R6 provides a small dec. 
voltage to buck out the saturation effect 
of 102, while D2 protects the meter from 
overlead if an input frequency higher 
than full scale is encountered. A conven- 
tional zener-regulated +3.9-volt d.c. sup- 
ply is used. Switch SZ and resistor RZ 
route the 60-Hz power to the input for 
calibration. 

‘The 100-Hz scale accuracy depends 
solely upon how closely you can read the 
meter, while the scale-to-scale accuracy 
depends upon how elesely the range ca- 
pacitors (C9 through C13) are exact 
decade multiples. An accuracy of better 
than +3%% should be easily obtained 
with a quality meter and careful capaci 
tor selection. 


Construction. The two IC's together re- 
place five transistors and nine resistors, 
which, if bought separately, would cost 
eight dollars, or well over twice that of 
the IC's, not’ counting the extra assem- 
bly time and treuble. 

Buy (see Parts List), or etch. cut, 
and drill the printed circuit board and 
‘mount the components as shown in Figs 
2, 3, and 5. Watch the polarity on all 
semiconductors and electrolytic capaci- 
tors. Om [CZ and 1C2, make certain lead 
8 (center lead of flat side. having a red 
dot) goes to the +8.9-volt supstv. 

Mount the meter, pilot lamp, Range 
switch $3, Gein control RE, input jack 
42, Zero control %6, on/off switch 82, 
calibration switch Sz, and calibraton 
potentiometer 15 on a suitable frent 
Panel as shown in the phote on page 53. 
Meunt the PC board and the remainder 
of the components within the sclected 
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Fig. 2 (above). Driling details tor the printed 
board, Actualsize board is shown on page 98. 


Fig. 3. 
board, and connections to remainder of circu! 


4 (WighY. Intesor of the frequency meter 
showing general focaton of parts. other than 
thove straacy “mounted on tha printed booed 


metal eaclosure. Use Fig. 3 as a guide 
for intereannecting the PC board with 
the remainder of the system. 

‘The aceuracy of the instrument on the 
four upper scales depends entirely upon 
how closely range capaciters C1@ 
through C73 are exact decade submuiti- 
ples of C8. One source of matched ca- 
pacitors is given in the Parts List. Otb- 
erwise, by using an LC bridge, a quality 
oscilloscope, or a good audio oscillator, 
you can trim the capacitance (and there 
fore, the on time of 1C2) eo that the 
frequency indication on My bas exact 
scale-to-seale calibration. 

‘When the capacitors are accurate, 
you'll have a correct frequency reading 
on any scale without having to retouch 
the Calibrate centrol, and with a power- 
line calibration, you can test assured 
that all scales will be accurate. 
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(above, right). Component focation on 


Operating Hints. Aloays turn the gain 
contrat fully counterciockwise before 
you make any measurement or connect 
the instrument to a live circuit, or you 
might risk damage to Qz. Calibrate the 
instrument each time you use it by 2eto- 
ing the meter (with front-panel Zcro 
control R6), selecting the 100-IIx range, 
and setting the Freq/60 Hz awitch ($1) 
to 60 Ha. Bring the Gain control up & 
quarter turn and adjust the meter to a 
steady "60" reading using the Calibrate 
potentiometer. Set the Freq/60 Hz awitch 
to Freq, and You're all set to measure. 

Keep’ the input amplitude under 3 
volts rm. maximum. If you're working 
with higher signal levels, add a resistive 
divider to cut the level down. You may 
safely connect the input to any d.c. level 
within the breakdown rating of C1. 

(Continued on page 98) 
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NE | IC FREQ METER | 
S| ley (Continued from puge 56) 


1 if | | Avoid pegging the meter hy always 
© | | starting one range above the frequency 

I you want to measure. Best operation oc- 

eurs when the Gain contrel is advanced 


Y_th of a turn beyond the point where 
Beam a i 


the meter first produces a steady indica- 


Extra gain for nearly 1/2 the | °° 


ie Fer pewer inverter work, there's a dit 
previous cost of stacking ferent way te use the frequency meter. 
Mosley beams Calibrate the instrument against the 60- 
* 46101. Lindbergh Blvd ‘Hz pewer line and then plug the frequen- 


ton Missouri 63042 | cy meter's power line cord into the in- 


F Pleose sand me FREE wl chorae ond ablir 
| gotten, literature on the" STACESIY. beams 


Name. 
Address. 


Mesloy Electronics Inc. Bria 


qencaceat 


‘SMALL BUT POWERFUL 


DON'T BE FOOLED BY 
IMITATIONS! 
‘, Get the ORIGINAL 


‘SUD STATE “CO” IGNITION SYSTEM! 


Fig. 5. Actual.size layeot af PC board. Drill 25 


SYOMIIS SEECTRDRICS SPCTALTIES Showa in Fig. Z mount components es Per FB. 3 
1268 12th St Brooklyn, NY. 11230 


verter, leaving the Free/é0 Hs switch in 
the 60 Hz position. Now, read the fre- 
quency directly. The zener-regulated sup- 


WRITE ’ ply automatically takes care of any in- 
womgor Mc GE ES) ee iiaze om 10 te S60 voll, a0 


serrace © AT A LO GJ) any frequency from 30 to 1200 Hz. 


1001 BARGAINS IN In cases where you're measuring 
SPEAKERS -PARTS-TUBES—HIGN FIDELITY pulses or other low duty cycle signals, 
Tae Reorder ie stvevinnd in Election you'll get best results with a narrow, 


1901 McGee Street, Kamas 


1, Missouri 64108 | | neyetive-going input waveform. oa 
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